Under laboratory conditions, penicillin biosynthesis was improved by feeding sucrose and sodium phenylacetate to the fermentation flasks in the form of coated tablets.
Yields and rates of penicillin formation as well as the pH course during its biosynthesis are influenced by the substrate carbon and precursor and by their types and amounts added. Lactose, originally used as a slowly assimilable source of carbon, was eventually replaced by rapidly assimilable carbohydrates, such as glucose, sucrose, or molasses (1) (2) (3) (4) 7) . These sugars, however, must be added to the fermentation broth continuously or semicontinuously, a process which may be realized in large-scale production by a number of methods. On a laboratory scale, however, continuous dosing of a large number of fermentation flasks is difficult to perform. Yet, a continuous feeding is crucial for the biosynthesis of benzylpenicillin where the optimum concentrations of precursors (such as phenylacetate) needed for a high production of penicillin are toxic to the growth of the antibiotic-producing fungus.
On laboratory scale, we have successfully circumvented these difficulties by feeding the carbohydrate (sucrose) and the side-chain precursor (sodium phenylacetate) in form of coated tablets. This method allows a continuous, slow diffusion of these substances from the tablets into the fermentation medium within the desired time. Coated tablets were prepared in the following ways.
Coated sucrose tablets. A weighed quantity of sucrose was granulated and dried. A weighed amount of melted monoglyceride C (glycerine monostearate. Northbohemian Lipid Works, (Jstf n/Labem, Czechoslovakia) was added and allowed to penetrate into the granules at 60 C for 2 hr. After that time, magnesium stearate and talcum were added, the mixture was homogenized, and the product was sifted and compressed into tablets. The powder-free tablets were then coated seven times in a coating drum with 30% ethanolic solution of shellac. The resulting coated tablets contained 91% sucrose, 2.7% monoglyceride C, 1.8% magnesium stearate, 1.8% shellac, and 2.7% talcum. The sucrose content in one coated tablet was 0.5 g, which corresponds to 1% sucrose fermentation flask. When added to the flask, sucrose in this form is continuously released from the tablet into the fermentation medium and the release is completed in 8 hr (5) .
Coated sodium phenylacetate tablets. Powdered sodium phenylacetate was mixed with crystalline microcellulose (hydroxypropylmethylcellulose, East Slovak Cellulose and Paper Works, Hencovce, Czechoslovakia), sieved, and made into briquettes. The briquettes were pulverized sifted, mixed with talcum, sifted once more, and pressed into tablets. The tablets were coated eight times with 30% ethanolic shellac solution at 20-min intervals; each time the tablets were sprinkled with talcum. The last two coats were applied as 5% polyvinyl acetate solution in acetone which had been supplemented with an equal part of shellac solution, and the final product was again sprinkled with talcum. The resulting coated tablets consisted of 50% sodium phenylacetate, 48% crystalline microcellulose, and 2% talcum, and of 0.1 mg of polyvinyl acetate and 2 mg of shellac per tablet. Two concentrations (25 and 50 mg) of sodium phenylacetate coated tablet were prepared, corresponding to 0.05 and 0.1%, respectively, of precursor per fermentation flask. The precursor was continuously released into the fermentation medium, and the release was completed 6 hr after the addition of the tablet (6).
A delay in the release of nutrients from coated tablets may be controlled by the quantity of shellac and polyvinyl acetate layers applied. For example, coated sucrose tablets may be obtained with a release starting 10 hr after the tablet has been added to the fermentation medium if the number of shellac and polyvinyl layers has been increased to 15 and 2, respectively. However the most effective way of adding sucrose is in the form of tablets from which both substances start to be released immediately after they have been added to the fermentation flasks. Their release into the medium is linear, as ascertained by model experiments with a noninoculated fermentation broth.
When the method of preparation as described is closely adhered to, the rate of release has been found to be constant. Substances added to the tablets as filler (see composition of coated tablets) do not influence fermentation, as verified by control experiments.
Sterilization of coated tablets was accomplished by gamma-irradiation from a fixed source of 60Co (Gammacell 220-Atomic Energy of Canada, Ltd., Ottawa) of the tablets in petri dishes until a total of 2.5 mrads has been attained. Sterility of coated tablets was verified by the addition of the coated tablets to meat bouillon and incubation. Dosing of the fermentation flasks was performed aseptically with sterile foreceps.
As an illustration, the effect of this intermittent feeding on penicillin biosynthesis was compared with that of a conventional method whereby sucrose and phenylacetate were added in solutions to Penicillium chrysogenum, strain NMG IV/47 of this Institute, inoculated into a medium consisting of a source of nitrogen, sulphur, and calcium carbonate only, and incubated at 25 C for a total of 9 days on a rotary shaker (240 rev/min, 25-mm stroke) in 500-ml flasks containing 50 ml of fermentation medium. Penicillin content was determined by a modification of an agar plate diffusion technique using Escherichia coli B, ATCC 23226 (J. Hess, unpublished data). In both cases, a total of 10 g of sucrose/100 ml was added in five 2-g portions in 24-hr intervals starting 24 hr after inoculation. The sucrose metabolized at the rate at which it was released from the tablets. No more than 2 mg/ml was detected during the 8 hr subsequent to each tablet addition, and none was detected afterward. Between each sugar dose, 12 to 16 hr of sugar starvation passed, a condition found to be favorable to penicillin biosynthesis. In the same manner, portions of 50 mg of phenylacetate/ 100 ml were added to the fermentation after 12, 24, 60, 72, and 82 hr, and portions of 100 mg/100 ml were added after 36 and 48 hr of incubation (a total of 450 mg of phenylacetate/ 100 ml medium). The phenylacetate was completely utilized after 6 to 7 days of fermentation.
A comparison between the two methods of feeding (Table 1) shows the superiority of intermittent feeding, which is more pronounced in the case of sucrose than phenylacetate.
This method may be adapted with advantage to other fermentations in which the biosynthesis of the desired end product is inhibited (repressed) by the substrate or precursor. We have used this method successfully in metabolic and genetic studies in which nutrients were supplied daily to hundreds of fermentation flasks.
